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Abstract
It is shown that if a nonlinear time-varying capacitor, 
whose incremental elastance is finite and greater than zero for all 
time, is embedded into a lumped linear passive time-invariant RC 
network, then the network is always bounded input-bounded output 
stable. In fact, if the input is periodic with period T, then the 
transient response asymptotically approaches a unique bounded periodic 
response with period T.
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1INTRODUCTION
In the past few years a number of papers have appeared on 
frequency domain criteria for the determination of the absolute 
stability or instability of certain nonlinear time-varying systems. 
This work is well documented in the literature [1-5J. However, 
relatively little work has been done on the bounded input-bounded 
output stability of nonlinear time-varying systems. One of the first 
papers to appear on this subject was published by Leon and Anderson 
[6]. The authors considered the Thevenin equivalent circuit shown 
in Figure 1. Application of Kirchhoff's laws results in the equation
e (t)
v (q )
Figure 1. Linear network containing a nonlinear capacitor.
t
e(t) = J z(t-T) i(T)dT + v(q(t)), (1)
a
where, v(q(t)) is the voltage across the nonlinear element which is 
assumed to be continuous in q, thé first and second
2derivatives exist with respect to q, and the first 
derivative is positivé,
z(t) is the impulse response of the linear passive circuit 
due to a current impulse with v(q) = 0, 
e(t) is the bounded Thevenin equivalent voltage, and 
a is the time at which the excitation first appears.
The authors determine an upper bound on the input amplitude e(t), 
which is a function of the nonlinearity and the linear network, such 
that a unique steady state solution exists (a = -co) which is stable 
in the sense that all transients asymptotically approach this steady 
state solution. In the case when e(t) is periodic with period T 
improved estimates of the upper bound on e(t) were obtained [7]. 
Unfortunately both of these estimates can become difficult to compute 
and have no simple graphical interpretation as the frequency domain 
criteria.
In 1964 V. A. Yakubovich published the first results on a 
frequency domain stability criterion for forced systems [8]. He 
considered the following system.
dx
^  = Px + q 0(a) + f(t) , (2)
c = r x  ,
where ^ x is an n-vector, P is an nxn matrix, q and r are nxl column 
matrices, and ^ f(t) is a vector function bounded in (-0 0,00). The 
scalar function 0(c) can have isolated points of discontinuity of the 
first kind. Yakubovich proved that if the following conditions are
3satisfied, then the System (2) has in(-oo,oo) a unique solution x (t) 
which is exponentially stable in the large. These conditions are:
1. The roots of the equation det(P-sI) = 0 are in the half plane 
ReX < - oi < 0
2. The function 0(a) satisfied the condition
0 <
0(ax) - 0(a2)
< M< ~ o
where M«o < 00, CT1>CT2 are Points of continuity of 0(a), and -»< a < +«>.
3* l/P'o + Re W(-a + ia)) > 0, where W(s) = rt(P-sI) ^ q is the
transfer function of the linear part of the system from the
input 0 to the output -a with f^(t) = 0.
4. If M< = 00, then also o
?lim (JO Re W(-<* + iuu) > 0,
U) -*oo
The most recent bounded input-bounded output stability 
result was derived by I. W. Sandberg C9J. He considered the system
t
£ ( t )  = f ( t )  + |  k ( t - T )  y [ | ( t ) , T ]d T ,  t > 0, (3)
where g^(t) } f^ (t) , and ^(^(t) ,t) are real measurable N-vector-valued 
functions and it is assumed that g^(t) is bounded, f(t) is square inte­
grable over any finite range (0,y), k(t) is an NxN matrix such that 
tPk(t) is absolutely and square integrable for p = 0,1,2, with
00
K(s) = J* k(t) e Stdt for a > 0, and
o
4(i) det [i + j (a + 3) K(s)] ^ 0 for ct > 0
(ii) |  (3 - a) sup A{[I + j (a + 0) K(iau)]'1 K(iu>)} < 1
-00 <  U) <  oo
where A[m ] denotes the positive square-root of the largest eigenvalue 
of M M (* denotes transpose complex-conjugate of M) . Also it is 
assumed that
Oi <
Y (w,t)
< 3 (n = 1,2,...N), for w 4 0,
Y (0,t) = 0 (n = 1,2,...N),
and
Ï (w t) - y (w t)
at < — ---------- -------< S (n = 1,2,.. .N)
—  w  -  w  —  N 5 5 7W1 2
for t e[o,°°) and all real w-^ >w2 such that 4 w^. If the above 
conditions are satisfied, then ^ f(t) is bounded, f^(t) 0 as t -* 0
whenever J?(t) 0 as t "* 00, and ^ g(t) ultimately periodic with period
T implies that f^(t) is ultimately periodic with period T. In the case 
N = 1 the conditions (i) and (ii) have a simple graphical interpre­
tation in the K(iU)) plane [4].
FORMULATION OF THE CAPACITANCE PROBLEM 
In this work it will be shown that a passive lumped linear 
T.I. (time-invariant) RC network containing a nonlinear time-varying 
capacitor, whose incremental capacitance is greater than zero, is 
always bounded input-bouncjed output stable. The Thevenin equivalent 
circuit is illustrated in Figure 2.
5Assumption I: The impedance Z(s) is that of a lumped linear
time-invariant passive RC network with all shunt capacitance in Z(s) 
lumped with the nonlinear time-varying element and Re Z(s) > 0  for 
Re s > 0. The Thevenin equivalent voltage, e(t), contains all the 
initial conditions, is assumed to be bounded and measurable, and can 
be written in the form
e(fc) = ep(t) - efc(t) , (4)
where e^(t) is the steady state Thevenin voltage and e^(t) is the 
transient voltage which exponentially approaches zero as t 00.
Assumption II: Let us also assume that the nonlinear time-
varying element is assumed to satisfy the following condition.
v(q,,t) - v(q2,t)
& < ” ------  < 3, for all q and t,
and where 0 < Oi < 3 and v(q,t) is measurable for all t and q 
The integral equation for the above network is
(t) = J z(t-T) dT + v(q, t)
I
6or
e(t) = ¡  z (t-T) ^  dT + i (a + g)q + {v(q, t) - ^ (a + B)q)dT
Solving for q(t) we obtain
t
q(t) = J h(t-T)[e(T)-(v(q,T) - j  (a + 3) q(T))]dT,
where
H(s) = -------- :--------
sZ(s) + j  (a + B)
Yo<8>
(5)
The admittance Y (s) is the reciprocal of Z (s) and Z (s) consists of 
o  o  o
2Z(s) in series with a capacitor of farads. Hence,
Y (s) K n K.
— -----—  + + .£ — +-
S S 00 1=1 S+CT.1
y
where o\ > 0 and is real and positive, However, because of the
series capacitance we note that Y (s) | _ = 0, implies that K =0.o s=0 * r o
Also, the shunt capacitance was removed from Z(s) , therefore K = 0. 
n -CT. t
Thus, h(t) = ^2^ e , for all t > 0, and we conclude that
(A) h(t) is absolutely integrable, and
(B) h(t) > 0, for all t > 0.
This second inequality is a key step in the results which follow.
Mathematical Results for the Nonlinear Time-Varying Capacitor 
First let us state the following theorem;
Theorem 1; If Assumptions (I) and (II) are satisfied for the network
7in Figure 2, then the network is always bounded input-bounded output 
stable. The output is unique, and if the input is bounded and periodic 
with period T, then the output asymptotically approaches the unique 
bounded periodic response with period T.
Proof: First we will show that the mapping
i.e., there exists a unique fixed point, a solution to Eq. (5), in 
£'co* We say that f(t)e if f(t) is bounded and measurable with norm
F[q(t)] = J h(t-T)[e(T) - v(q(t),T) + | (a + 3) q(T)]dT (6)
is a contraction mapping [lO] in the space Zm for any bounded input,
Ilf sup
“ 00 <  t  <  00
I f  ( t )  I <  °°.
Let us defipe a sequence of iterates as follows.
q(o) (t) = 0
a
The difference between successive iterates is
q(n+1)- q(n)= J h ( t - T )  Cv(q
a
(<*+$) q(n)]dT,
8and
U (n+1)- q ^ l  < /|h(t-T)| |[v(q(n),T)-|(0+e)q(n>].[v (q("-1) >
a
- |(Q'+S)q(n'1)]|dT.
From Assumption (II) we conclude that
lq(n)- q(n+1)l < J‘t |h(t-T)||<B-«)|q(n)- q(n' 1) |dT.
a
Taking the norm of both sides, we obtain
l|q(n)-q(n+1)||<f(^)f|h(t)|dt||q(n)-q(n-1)||.
o
Thus the Mapping (6) is a contraction mapping provided
00
d = |(3-a)J. I h(t) | dt < 1.
o
However, from Property (B) we see that 
00 00
J | h(t) I dt = J h(t) dt = H(s) I s=o.
T)
Thus
;(S-<*)
d =
sZ (s) + £(3-Mf) s=o
(7)
(8)
Since 0 < a < 3 and Re sZ(s) > 0, it is obvious from Equation — s=o —
(8) that d < 1. Since the mapping is a contraction, it follows that
ii „ llq(1)H
Actually, we have only shown that there exists a unique solution 
to Eq. (5) in In order to show that this solution is stable we must
assume that the transient solution q(t) is bounded for all finite t (this 
is generally a good engineering assumption) and show that q(t) asymptotically
9approaches 9p(t) as t — 00, where the unique steady state solution
and is determined from the integral equation 
t
%<*) = I h(t-T)[e (T) - V(q ,T) + i(<*+£)q (T)]dT. (9)
We will now finish the proof of the theorem by showing that the difference
q(t) - q (t) = 6q(t) = J* h(t-T)[e(T>- v(q,T) + |(C*+B) q (T) ]dT
a z
t
- J h(t-T)[e (T) - v(q T) + “ (QH^)q (T)]dT (10)_oo r P P
is unique and asymptotically approaches zero as t 
Equation (10) can be put into the form 
t
6q(t) = M(a,t) + J h(t-T)[v(qp,T) -v(q,T) - ¿(otS) (qp (T) - q(T))]dT, (11) 
and with Eq. (4)
t .a a
M(a,t) = -J h(t-T)e (T)dT - J h(t-T)e (T) dT + J h(t-T)[v(q ,T) - a - «  P . o ,  P
- j(a*3)q (T)]dT.
Since, h(t) is the absolutely integrable impulse response of a lumped 
system, e^(t) and 9p(t) are bounded, and efc(t) exponentially approaches 
zero as t 00, then it follows that there exists positive constants 
and c^ such that
I M(a, t) | <  k^e 1 .
Let us define
v(q ,t) - v(q,t)
k(t)---- q - q-------  > (12)
P
where ot < k(t) < 3.
10
It follows as before that the mapping 
t
a[6q(t)] = M(a,t) + J h(t-T)[k(T) - j(<*+0)]6q(T)dT (13)
a
is a contraction mapping and
l|Sq(t)|| <
l|M(a,t)||
1-d » (14)
hence there exists a unique 6q(t)e£00. We must now show that since 
lrm | M(a, t) | — 0 ^ then lun I ^ q(t) | = 0. Note that: if we can show that
f-*00 £-*CO
r te 6q(t) is bounded for any positive r, then it follows that 6q(t) -• 0 
as t “♦ 00. Therefore multiplying Eq. (13) by ert weiihave
ert6q(t) = ertlí(a,t) + J er h(t-T) [k(T) - ^(a+|3) rj}ert 6q(T)dT. (15)
First, it is obvious that if we want the above mapping to be a contraction
we should restrict r < c1 so that ertM(a,t) is bounded and erth(t) is
absolutely integrable. This is always possible from the above formulation
r tof the problem. Now e 6q(t) e if
00
= |(3-a)J' |erth(t)|dt < 1. (16)
O
r tHowever, e h(t) > 0, hence Eq. (16) can be expressed as
dx = 2 ^-*)
LsZ(s) + < 1,s=-r
[
/ ' 1 - 1
1 + (g^C-hzft) <i, (17)
where 0 < e < 1 since 0i > 0. We will now show that one can always pick r
11
small enough such that Inequality (17) is satisfied. We must consider 
two cases. First the case in which Z(s) has a pole at the origin, Fig. 3. 
From Fig. 3 it is clear that if one picks z^ < -r < 0, then Z(-r) is
Fig. 3. Pole-zero diagram of an RC impedance with a pole at the origin.
negative. Therefore -rZ(-r) is positive and d^ < 1. In the case where 
there is no pole at the origin, Fig. 4, then for p^ < r^ < 0 the impedance
Fig. 4. Pole-zero diagram of an RC impedance with no 
pole at the origin.
Z(-r) is finite and positive. Thus,
Cnegative, p_< r < 0 
-rZ(-rW
(0 , r = 0
12
and -rZ(-r) is continuous in this region. Hence it follows that we can 
pick r small enough such that
( ' r )  ( z ( - r ) )  = 6/2
Substituting this result into Inequality (17) , we obtain
1
< 1 -0 l-e/2 < 1.
x* tInequality (17) is satisfied implies that e 6q(t) is bounded and 
6q(t) “* 0 as t “* 00. Therefore the solution of q(t) is asymptotically 
stable. In fact if e^(t+T) = e^(t) and v(q,t) = v(q,t+T), then from 
Eq. (9)
t+T
= q (t+T) = j H(d+T-T)['eh(T) 
^  « 0 0
v(q ,T) +T(Q^fB)q ]dT.p 2 p
Let X = -T+T, then
qT = J h(t-X) [e (X) - v(qT ,X) + ^ (<2+3) qTldX. (18)
—  00 *■
Note that Eqs. (9) and (18) are identical. Since the solution is unique, 
then
qT = qp(t+T) = •
The solution is periodic with period T.
CONCLUSION
It follows that the above circuit can never sustain subharmonic 
oscillations, whereas, subharmonic oscillations occur frequently in non­
linear RLC networks [7]. The above results are being extended to RC 
circuits containing N nonlinear time-varying capacitors. However, the
13
above method of proof seems to fail in this case and other methods must 
be used.
REFERENCES
1. S. Lefschetz, Stability of Nonlinear Control Systems, Academic Press,
New York, 1965.
2. M. A. Aizerman and F. R. Gantmacher, Absolute Stability of Regulator
Systems, Holden-Day, Inc., San Francisco, Calif., 1964.
3. R. W. Brockett and H. B. Lee, "Frequency Domain Instability Criteria
for Time-Varying and Nonlinear Systems," Proceedings of the IEEE, 
Vol. 55, No. 5, pp. 604-619, May, 1967.
4. I. W. Sandberg, "A Frequency-Domain Condition for the Stability of
Feedback Systems Containing a Single Time-Varying Nonlinear 
Element," Bell Sys. Tech. J., Vol. 43, pt. 2, pp. 1601-1608, July,
1964.
5. I. W. Sandberg, "A Stability Criterion for Linear Networks Containing
Time-Varying Capacitors," IEEE Trans, on Circuit Theory, Vol. CT- 
12, pp. 2-11, March, 1965.
6. B. J. Leon and D. R. Anderson, "Stability of Nonlinear Reactance
Circuits," IEEE Trans, on Circuit Theory, Vol. CT-10, pp. 468-476, 
December 1963. A correction appeared in CT-12, p. 143, March,
1965.
7. T. N. Trick, "Stability of Nonlinear Circuits with Periodic Inputs,"
NEC, Vol. 22, pp. 912-916, 1966.
8. V. A. Yakubovich, "The Matrix-Inequality Method in the Theory of the
Stability of Nonlinear Control Systems, I. The Absolute Stability 
of Forced Vibrations," Avtomatika i Telemekhanika, Vol. 25, No. 7, 
pp. 1017-1029, July, 1964.
9. I. W. Sandberg, "Some Results on the Theory of Physical Systems
Governed by Nonlinear Functional Equations," BSTJ, Vol. 44, No. 5, 
pp. 871-898, May-June, 1965.
10. A. N. Kolmogonov and S. V. Fomin, "Elements of the Theory of Functions 
and Functional Analysis," Vol. 1, Graylock Press, 1957.
DISTRIBUTION LIST AS OF APRIX 1,1967
1 Dr. Edward M. Reilley
Asst. Director (Research)
Ofc. of Defense Res. & Engrg. 
Department of Defense 
Washington, D. C. 20301
1 Office of Deputy Director
(Research and Information Rm. 3D1037) 
Department of Defense 
The Pentagon
Washington, D. C. 20301 
1 Director
Advanced Research Projects Agency 
Department of Defense 
Washington, D. C. 20301
1 Director for Materials Sciences 
Advanced Research Projects Agency 
Department of Defense 
Washington, D. C. 20301
1 Headquarters
Defense Communications Agency (333)
The Pentagon
Washington, D. C. 20305
50 Defense Documentation Center 
Attn; TISIA
Cameron Station, Bldg. 5 
Alexandria, Virginia 22314
1 Director
National Security Agency 
Attnï TDL
Fort George G. Meade, Maryland 20755
1 Weapons Systems Evaluation Group 
Attn: Col. Daniel W. McElwee
Department of Defense 
Washington, D. C. 20305
1 National Security Agency 
Attn: R4-James Tippet
Office of Research
Fort George G. Meade, Maryland 20755
1 Central Intelligence Agency 
Attn: OCR/DD Publications
Washington, D. C. 20505
1 Colonel Kee 
AFRSTE 
Hqs. USAF
Room ID-429, The Pentagon 
Washington, D. C. 20330
1 Colonel A. Swan
Aerospace Medical Division 
Brooks Air Force Base, Texas 78235
1 AUL3T-9663
Maxwell AFB, Alabama 36112
1 AFFTC (FTBPP-2)
Technical Library
Edwards AFB, California 93523
1 Space Systems Division 
Air Force Systems Command 
Los Angeles Air Force Station 
Los Angeles, California 90045 
Attn: SSSD
1 Major Charles Waespy 
Technical Division 
Deputy for Technology 
Space Systems Division, AFSC 
Los Angeles, California 90045
1 SSD(SSTRT/Lt. Starbuck)
AFUPO
Los Angeles, California 90045
1 Det. #6, OAR (LOOAR)
Air Force Unit Post Office 
Los Angeles, California 90045
1 Systems Engineering Group (RTD)
Technical Information Reference Branch 
Attn: SEPIR
Directorate of Engineering Standards 
& Technical Information 
Wright-Patterson AFB, Ohio 45433
1 ARL (ARIY)
Wright-Patterson AFB, Ohio 45433
1 Dr. H. V. Noble
Air Force Avionics Laboratory 
Wright-Patterson AFB, Ohio 45433
1 Mr. Peter Murray
Air Force Avionics Laboratory 
Wright-Patterson AFB, Ohio 45433
1 AFAL (AVTE/R.D. Larson) 
Wright-Patterson AFB, Ohio 45433
2 Commanding General
Attn: STEWS-WS-VT
White Sands Missile Range,
New Mexico 88002
1 RADC (EMLAL-I)
Griffiss AFB, New York 13442 
Attn: Documents Library
1 Academy Library (DFSLB)
U. S. Air* Force Academy 
Colorado Springs, Colorado 80912
1 Lt. Col. Bernard S. Morgan
Frank J. Seiler Research Laboratory
U. S. Air Force Academy
Colorado Springs, Colorado 80912
1 Commanding Officer
Human Engineering Laboratories 
Aberdeen Proving Ground, Maryland 21005
1 Director
U. S. Army Engineer Geodesy, Intelligence 
and Mapping
Research and Development Agency 
Fort Belvior, Virginia 22060
1 Commandant
U. S. Army Command and General Staff College
Attn: Secretary
Fort Leavenworth, Kansas 66270
1 Dr. H. Robl
Deputy Chief Scientist
U. S. Army Research Office (Durham)
Box CM, Duke Station 
Durham, North Carolina 27706
1 Commanding Officer
U. S. Army Research Office (Durham)
Attn: CRD-AA-IP (Richard 0. Ulsh)
Box CM, Duke Station 
Durham, North Carolina 27706
1 Librarian
U. S. Army Military Academy 
West Point, New York 10996
1 The Walter Reed Institute of Research 
Walter Reed Medical Center 
Washington, D. C. 20012
1 Commanding Officer
U. S. Army Electronics R&D Activity 
Fort Huachuca, Arizona 85163
1 Commanding Officer
U. S. Army Engineer R&D Laboratory
Attn: STINFO Branch
Fort Belvoir, Virginia 22060
1 Commanding Officer
U. S. Army Electronics R&D Activity
White Sands Missile Range, New Mexico 88002
1 Dr. S. Benedict Levin, Director 
Institute for Exploratory Research 
U. S. Army Electronics Command 
Fort Monmouth, New Jersey 07703
1 Director
Institute for Exploratory Research 
U. S. Army Electronics Command 
Attn: Mr. Robert 0. Parker, Executive
Secretary, JSTAC (AMSEL-XL-D)
Fort Monmouth, New Jersey 07703
1 Commanding General
U. S. Army Electronics Command 
Fort Monmouth, New Jersey 07703 
Attn: AMSEL-SC
RD-D
RD-G
RD-GF
RD-MAT
XL-D
XL-E
XL-C
XL-S
HL-D
HL-CT-R
HL-CT-P
HL-CT-L
HL-CT-0
HL-CT-I
HL-CT-A
NL-D
NL-A
NL-P
NL-R
NL-S
KL-D
KL-E
KL-S
KL-T
VL-D
WL-D
1 Chief of Naval Research
Department of the Navy 
Washington, D. C. 20360 
Attn: Code 427
3 Chief of Naval Research 
Department of the Navy 
Washington, D. C. 20360 
Attn: Code 437
2 Naval Electronics Systems Command 
ELEX 03
Falls Church, Virginia 22046
1 Naval Ship Systems Command 
SHIP 031
Washington, D. C. 20360
1 Naval Ship Systems Command 
SHIP 035
Washington, D. C. 20360
2 Naval Ordnance Systems Command 
ORD 32
Washington, D. C. 20360
2 Naval Air Systems Command 
AIR 03
Washington, D. C. 20360
2 Commanding Officer
Office of Naval Research Branch Office 
Box 39, Navy No. 100 F.P.O.
New York, New York 09510
1 AFETR Technical Library 
(ETV, MU-135)
Patrick AFB,Florida 32925
1 AFETR (ETLLG-I)
STINFO Officer (For Library)
Patrick AFB, Florida 32925
1 Dr. L. M. Hollingsworth 
AFCRL (CRN)
L. G. Hanscom Field 
Bedford, Massachusetts 01731
1 AFCRL (CRMXLR)
AFCRL Research Library, Stop 29
L. G. Hanscom Field
Bedford, Massachusetts 01731
1 Colonel Robert E. Fontana
Department of Electrical Engineering 
Air Force Institute of Technology 
Wright-Patterson AFB, Ohio 45433
1 Colonel A. D. Blue 
RTD (RTTL)
Bolling Air Force Base, D. C. 20332
1 Dr. I. R. Mirman 
AFSC (SCT)
Andrews AFB, Maryland 20331
1 Colonel J. D. Warthman 
AFSC (SCTR)
Andrews AFB, Maryland 20331
1 Lt. Col. J. L. Reeves 
AFSC (SCBB)
Andrews AFB, Maryland 20331
2 ESD (ESTI)
L. G. Hanscom Field 
Bedford, Massachusetts 01731
1 AEDC (ARO, INC)
Attn: Library/Documents
Arnold AFS, Tennessee 37389
2 European Office of Aerospace Research 
Shell Building
47 Rue Cantersteen 
Brussels, Belgium
5 Lt. Col. Robert B. Kalisch 
Chief, Electronics Division 
Directorate of Engineering Sciences 
Air Force Office of Scientific Research 
Arlington, Virginia 22209
1 U. S. Army Research Office
Attn: Physical Sciences Division
3045 Columbia Pike 
Arlington, Virginia 22204
1 Research Plans Office
U. S. Army Research Office 
3045 Columbia Pike 
Arlington, Virginia 22204
1 Commanding General
U. S. Army Materiel Command 
Attn: AMCRD-RS-DE-E
Washington, D. C. 20315
1 Commanding General
U. S. Army Strategic Communications Command 
Washington, D. C. 20315
1 Commanding Officer
U. S. Army Materials Research Agency
Watertown Arsenal
Watertown, Massachusetts 02172
1 Commanding Officer
U. S. Army Ballistics Research Laboratory 
Attn: V. W. Richards
Aberdeen Proving Ground 
Aberdeen, Maryland 21005
1 Commandant
U. S. Army Air Defense School
Attn: Missile Sciences Division, C&S Dept.
P.0. Box 9390
Fort Bliss, Texas 79916
1 Redstone Scientific Information Center 
Attn: Chief, Document Section
Redstone Arsenal, Alabama 35809
1 Commanding General 
Frankford Arsenal
Attn: SMUFA-1310 (Dr. Sidney Ross)
Philadelphia, Pennsylvania 19137
1 U. S. Army Munitions Command
Attn: Technical Information Branch
Picatinney Arsenal 
Dover, New Jersey 07801
1 Commanding Officer
Harry Diamond Laboratories 
Attn: Dr. Berthold Altman (AMXDO-TI)
Connecticut Avenue and Van Ness Street, N.W. 
Washington, D. C. 20438
1 Commanding Officer
U. S. Army Security Agency 
Arlington Hall 
Arlington, Virginia 22212
1 Commanding Officer
U. S. Army Limited War Laboratory 
Attn: Technical Director
Aberdeen Proving Ground 
Aberdeen, Maryland 21005
APGC (PGBPS-12)
Elgin AFB, Florida 32542
Commanding Officer
Office of Naval Research Branch Office 
219 South Dearborn Street 
Chicago, Illinois 60604
Commanding Officer
Office of Naval Research Branch Office 
1030 East Green Street 
Pasadena, California 91101
Commanding Officer
Office of Naval Research Branch Office
207 West 24th Street
New York, New York 10011
Commanding Officer
Office of Naval Research Branch Office
495 Summer Street
Boston, Massachusetts 02210
Director, Naval Research Laboratory 
Technical Information Officer 
Washington, D. C. 20390 
Attn: Code 2000
Commander
Naval Air Development and Material Center 
Johnsville, Pennsylvania 18974
Librarian
U. S. Naval Electronics Laboratory 
San Diego, California 95152
Commanding Officer and Director
U. S. Naval Underwater Sound Laboratory
Fort Trumbull
New London, Connecticut 06840 
Librarian
U. S. Navy Post Graduate School 
Monterey, California 93940
Commander
U. S. Naval Air Missile Test Center 
Point Mugu, California 95468
Director
U. S. Naval Observatory 
Washington, D. C. 20390
Chief of Naval Operations 
OP-07
Washington, D. C. 20350
Director, U. S. Naval Security Group v
Attn: G43
3801 Nebraska Avenue
Washington, D. C. 20016
Commanding Officer 
Naval Ordnance Laboratory 
White Oak, Maryland 21162
Commanding Officer 
Naval Ordnance Laboratory 
Corona, California 91720
Commanding Officer
Naval Ordnance Test Station
China Lake, California 93555
Commanding Officer 
Naval Avionics Facility 
Indianapolis, Indiana 46218
Commanding Officer
Naval Training Device Center
Orlando, Florida 32813
U. S. Naval Weapons Laboratory 
Dahlgren, Virginia 22448
Weapons Systems Test Division 
Naval Air Test Center 
Patuxtent River, Maryland 20670 
Attn: Library
Head, Technical Division
U. S. Naval Counter Intelligence Support Center
Fairmont Building
4420 North Fairfax Drive
Arlington, Virginia 22203
Mr. Charles F. Yost
Special Asst, to the Director of Research 
National Aeronautics and Space Administration 
Washington, D. C. 20546
Dr. H. Harrison, Code RRE 
Chief, Electrophysics Branch 
National Aeronautics and Space Administration 
Washington, D. C. 20546
1 Goddard Space Flight Center
National Aeronautics and Space Administration 
Attn: Library C3/TDL
Green Belt, Maryland 20771
1 NASA Lewis Research Center 
Attn: Library
21000 Brookpark Road 
Cleveland, Ohio 44135
1 National Science Foundation 
Attn: Dr. John R. Lehmann
Division of Engineering 
1800 G Street, N.W.
Washington, D. C. 20550
1 U. S. Atomic Energy Commission
Division of Technical Information Extension 
P. 0. Box 62
Oak Ridge, Tennessee 37831
1 Los Alamos Scientific Laboratory
Attn: Reports Library
P. 0. Box 1663
Los Alamos, New Mexico 87544
2 NASA Scientific & Technical Information
Facility
Attn: Acquisitions Branch (S/AK/DL)
P. 0. Box 33
College Park, Maryland 20740
1 Director
Research Laboratory of Electronics 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 02139
1 Polytechnic Institute of Brooklyn 
55 Johnson Street 
Brooklyn, New York 11201 
Attn: Mr. Jerome Fox
Research Coordinator
1 Director
Columbia Radiation Laboratory 
Columbia University 
538 West 120th Street 
New York, New York 10027
1 Director
Coordinated Science Laboratory 
University of Illinois 
Urbana, Illinois 61801
1 Director
Stanford Electronics Laboratories 
Stanford University 
Stanford, California 94305
1 Director
Electronics Research Laboratory 
University of California 
Berkeley, California 94720
1 Director
Electronic Sciences Laboratory 
University of Southern California 
Los Angeles, California 90007
1 Professor A. A. Dougal, Director
Laboratories for Electronics and Related 
Sciences Research 
University of Texas 
Austin, Texas 78712
1 Division of Engineering and Applied Physics 
210 Pierce Hall 
Harvard University 
Cambridge, Massachusetts 02138
1 Aerospace Corporation 
P. 0. Box 95085
Los Angeles, California 90045 
Attn: Library Acquisitions Group
1 Professor Nicholas George
California Institute of Technology 
Pasadena, California 91109
1 Aeronautics Library
Graduate Aeronautical Laboratories 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, California 91109
1 Director, USAF Project RAND 
Via: Air Force Liaison Office
The RAND Corporation 
1700 Main Street 
Santa Monica, California 90406 
Attn: Library
1 The Johns Hopkins University 
Applied Physics Laboratory 
8621 Georgia Avenue 
Silver Spring, Maryland 20910 
Attn: Boris W. Kuvshinoff
Document Librarian
1 Hunt Library
Carnegie Institute of Technology 
Schenley Park
Pittsburgh, Pennsylvania 15213
1 Dr. Leo Young
Stanford Research Institute 
Menlo Park, California 94025
1 Mr. Henry L. Bachmann 
Assistant Chief Engineer 
Wheeler Laboratories 
122 Cuttermill Road 
Great Neck, New York 11021
1 School of Engineering Sciences 
Arizona State University 
Tempe, Arizona 85281
1 University of California at Los Angeles 
Department of Engineering 
Los Angeles, California 90024
1 California Institute of Technology 
Pasadena, California 91109 
Attn: Documents Library
1 University of California
Santa Barbara, California 93106 
Attn: Library
1 Carnegie Institute of Technology 
Electrical Engineering Department 
Pittsburgh, Pennsylvania 15213
1 University of Michigan
Electrical Engineering Department 
Ann Arbor, Michigan 48104
1 New York University 
College of Engineering 
New York, New York 10019
1 Syracuse University
Department of Electrical Engineering 
Syracuse, New York 13210
1 Yale University
Engineering Department
New Haven, Connecticut 06520
1 Airborne Instruments Laboratory 
Deerpark, New York 11729
1 Bendix Pacific Division 
11600 Sherman Way
North Hollywood, California 91605
1 General Electric Company 
Research Laboratories 
Schenectady, New York 12301
1 Lockheed Aircraft Corporation 
P. 0. Box 504
Sunnyvale, California 94088
1 Raytheon Company
Bedford, Massachusetts 01730 
Attn: Librarian
1 Dr. G. J. Murphy
The Technological Institute 
Northwestern University 
Evanston, Illinois 60201
1 Dr. John C. Hancock, Director
Electronic Systems Research Laboratory 
Purdue University 
Lafayette, Indiana 47907
1 Director
Microwave Laboratory 
Stanford University 
Stanford, California 94305
1 Emil Schafer, Head
Electronics Properties Info Center 
Hughes Aircraft Company 
Culver City, California 90230
Security Classification
Bt
DOCUMENT CONTROL DATA - R & D
(S e c u r i t y  c l a s s i f i c a t i o n  o f  t it le , b o d y  o f  a b s t r a c t  a n d  i n d e x i n g  a n n o t a t io n  m u st  be en tere d  w h e n  the o v e r a l l  re p o rt  is  c l a s s i f i e d )
1. O R I G I N A T I N G  A C T I V I T Y  (C o r p o r a t e  a u th o r ) 2a.  R E P O R T  S E C U R I T Y  C L A S S I F I C A T I O NUniversity of Illinois Unclassified
Coordinated Science Laboratory 2b.  G R O U P
Urbana, Illinois
3. R E P O R T  T I T L E
BOUNDED INPUT-BOUNDED OUTPUT STABILITY OF NONLINEAR TIME-VARYING RC NETWORKS
4. D E S C R I P T I V E  N O T E S  ( T y p e  o f  rep o rt  an d , i n c l u s i v e  d a t e s )
5- A U T H O R ( S )  ( F i r s t  na m e, m id d l e  in i t i a l ,  l a s t  n a m e )
TRICK, T.N.
-
6. R E P O R T  D A T E 7a.  T O T A L  N O .  O F  P A G E S 7b.  N O .  O F  R E F S  J
November, 1967 _____ L2______________ _______ io_____________ ;
8a. C O N T R A C T  O R  G R A N T  N O . 9a. O R I G I N A T O R ’ S R E P O R T  N U M B E R ( S )
DAAB-07-67-C-0199 (JSEP) ; also Air Force
6. P R O J E C T  N O . AFOSR 931-67 R-369
c * 9b.  O T H E R  R E P O R T  N O ( S )  ( A n y  o th e r  n u m b e r s  that  m a y  be  a s s i g n e d
th is  re p o rt )
d.
10. D I S T R I B U T I O N  S T A T E M E N T
Distribution of this report is unlimited
11. S U P P L E M E N T A R Y  N O T E S 12. S P O N S O R I N G  M I L I T A R Y  A C T I V I T Y
Joint Services Electronics Program
thru U.S. Army Electronics Command
Ft. Monmouth, New Jersey 07703
13. A B S T R A C T
It is shown that if a nonlinear time-varying capacitor, whose incremental 
elastance is finite and greater that zero for all time, is embedded into a lumped 
linear passive time-invariant RC network, then the network is always bounded 
input-bounded output stable. In fact, if the input is periodic with period T, 
then the transient response asymptotically approaches a unique bounded periodic 
response with period T.
DD ,"?„1473 (PAGE 1)
S/N 0101-807-6811 Security Classification
Security Classification
1 4. L I N K  A L I N K  B L. ! N K  c  r
K E Y  WO  R D S
R O L E W T R O L E W T R O L E W T  I!
Bounded input-bounded output stability 
Asymptotic stability 
Nonlinear RC Circuits 
Subharmonic oscillations
:
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
-1
DD ,F°?„1473 (BACK)
S / N  0 1 01-807-682 1 Security Classification
